Recurrent extreme drought and flood in Ethiopia lead to more economic loss. is study examines change and trends of 21 climate extremes of temperature and precipitation over Ethiopia by using indices from the World Meteorological Organization (WMO) Expert Team on Climate Change Detection and Indices (ETCCDI). e analysis was based on the records of observed meteorological data and the future projected from the CMIP5 model under RCP 4.5 and RCP 8.5 scenarios. e results of the seasonal standardized rainfall anomaly and EOF analysis show a decreasing rainfall in JJAS season and significant variability in the FMAM season. e first mode of EOF in FMAM shows that 49.6% was mostly negative with a high amount of variability. e observed precipitation extreme of annual total precipitation (PRCPTOT), consecutive wet days (CWD), and the number of heavy precipitation days (R10) show a decreasing trend, and consecutive dry days (CDD) shows an increasing trend. Additionally, temperature extremes like tropical nights (TR20) and daily maximum and minimum temperatures show a significantly increasing trend. e projected precipitation extremes of CWD, PRCPTOT, very wet day annual total (R95p), and the number of heavy precipitation days (R10) show a decreasing trend. CDD shows longer periods of dryness and a substantial increase which is conducive to the increase of drought. e projected temperature extremes of the warm spell duration indicator (WSDI), daily maximum temperature (TXx) and daily minimum temperature (TNx), summer days (SU25), and tropical nights (TR20) show an increasing trend, while the diurnal temperature range shows a decreasing trend. e projected changes in temperature and precipitation extremes are likely to have significant negative impacts on various socioeconomic activities over Ethiopia. ese results highlight the need for planning and developing effective adaptation strategies for disaster prevention.
Introduction
Warming of the climate system is unequivocal, and climate affects every aspect of nature and human life [1] . Recent reports by the Intergovernmental Panel on Climate Change (IPCC) indicated that the intensity and frequency of extremes are likely to increase over many areas including East Africa. e frequency and intensity of extremes like droughts, floods, and heat waves are expected to change as earth's climate changes, and these changes could occur even with relatively small mean climate changes [1] [2] [3] [4] .
Ethiopia is one of the largest humanitarian aid beneficiaries in the world and experiences significant climateinduced drought and water-related stresses on crop and livestock productivity [5] . Every year, approximately three million Ethiopians are affected by crop production shortfalls adding to the 7.6 million supported every year by the Productive Safety Net Program, a social safety net supporting some of Ethiopia's poorest and most food-insecure families [6] because of extreme drought. Very recently, the 2015 El Niño-induced drought has caused food insecurity among 10.2 million people, one of the highest on the record [7] . It is thus very important to analyze extreme events. One particular example in Ethiopia is droughts and floods that continuously occurred over northeastern, eastern, central, and northern parts of the country and recently became an annual problem for loss of lives and properties. Prolonged exposure to high-temperature extremes can cause heat-related illness, including heat cramps, heat exhaustion, heat stroke, and death. Elevated temperatures also have major consequences on livestock and terrestrial biota generally [8] [9] [10] .
Understanding the occurrence of extreme weather events especially rainfall is important for decision-making as it is a key factor in prediction and risk assessment [11, 12] . Extreme weather events are poised to have a higher impact as compared to mean climate [13] . Different studies have focused on ongoing and projected climate extremes; however, most of these studies have mainly focused on a global scale rather than regional and local scales. Past studies showed the observed reduction in a rainfall trend over East Africa especially in the March-May seasonal rainfall, and the reduction is consistent in various datasets ranging from gridded, observed, proxy, to model datasets [14] [15] [16] [17] [18] [19] . ere is a continuous reduction in the number of heavy rainy days observed over the Greater Horn of Africa including Ethiopia [20] . However, the spatial and temporal patterns, intensity, and impact of extreme climate on socioeconomic activities are different from region to region. So, to minimize the impact of extremes identifying extreme threats, responding to climate extremes through adaptation and mitigation to reduce the likelihood or severity of the extreme threat and recover from the extreme events quickly and efficiently is very important.
is study examines the variability of observed and projected climate extremes and seasonal rainfall variability over Ethiopia. Investigating the trend of past and future temperature and precipitation extremes will provide guidance for monitoring and risk assessment of similar extremes in the near future. Understanding the features of climate extremes at the regional to local scale is a key for designing response measures that enhance preparedness and early warning systems, and additionally in the long term, it helps in the formulation of effective adaptation planning measures to reduce the related risks.
Data and Methodology
2.1. Area of the Study. Ethiopia is located in the Horn of Africa within 3-15°N and 33-48°E, bordered with Eritrea to the north, Djibouti to the east, Sudan to the west, Kenya to the south, and Somalia to the south and east. It covers an area of about 1.14 million square kilometers (944,000 square miles), and the country's topography consists of high and rugged plateaus and the peripheral lowlands. Elevations in the country range from 160 meters below the sea level (northern exit of the Rift Valley) to over 4600 meters above the sea level (northern mountainous regions) (Figure 1(a) ). e highest mountains are concentrated on the northern and southern plateaus of the country [21] . Ethiopia has three climatological rainy seasons, namely, February-May (FMAM, Belg), June-September (JJAS, Kiremt), and October-January (ONDJ, Bega) [22] [23] [24] [25] [26] [27] [28] . JJAS is the main rainy season, and the magnitude of rainfall is higher than other seasons for many parts of the country. FMAM is the smallest rainy period for most parts of Ethiopia. Rainfall during the FMAM season is highly variable in time and space, and also the highest maximum temperature occurs during FMAM. In contrast, the ONDJ season is the drier period for most parts of the country except southern and southeastern parts. Maximum mean annual rainfall amounts of 1750 to 2250 mm are observed over the southwestnorthwest parts of Ethiopia (Figure 1(c) ).
Meteorological Data Description.
Meteorological data records of daily precipitation, maximum and minimum temperature data of one hundred stations were obtained from the Ethiopian Meteorological Agency for the period from 1980 to 2010. For seasonal rainfall analysis, we used one hundred stations, and based on rainfall distribution, three stations were selected to examine the annual observed and projected rainfall and temperature extremes ( Figure 1(b) ). Monthly reanalyzed rainfall data sourced from the Climate Research Unit (CRU) were used to assess the seasonal rainfall performance of Ethiopia. e CRU TS4.01 is discussed at length by the University of East Anglia Climatic Research Unit [29] and accessed from https://data.ceda.ac. uk//badc/cru/data/cru_ts/cru_ts_4.01/data/ gridded at 0.5°l atitude by 0.5°longitude resolution.
Data Quality Control.
For this study, the quality control was carried out by using the R-based statistical package of RClimDex v1.0 and RHtest tools. e test is recommended by the World Meteorological Organization (WMO) to check the homogeneity of meteorological datasets and widely used by different researchers in climate extreme calculation studies [30] .
is tool is capable of identifying duplicate dates, out-of-range values based on a defined threshold, outliers, coherence between maximum and minimum temperatures (T max > T min ), and consecutive days with equal values. e Expert Team on Climate Change Detection and Indices (ETCCDI) and World Meteorological Organization recommended a total of 27 core extremes [31] [32] [33] . For this study, we used twenty one extremes of temperature and precipitation (Table 1) .
Methodology

Empirical Orthogonal Function (EOF)
. EOF analysis is used to investigate the performance of FMAM and JJAS seasonal rainfall over Ethiopia by using the monthly gridded CRU TS4.01 dataset. EOF is a statistical tool that compresses geophysical data fields in space and time which represent orthogonal spatial patterns (eigenvectors) and a corresponding time series of principal component analysis (PCA) and has been used in numerous climate diagnostic studies [34] .
e eigenvector in EOF analysis shows the spatial variability as well as the variance. e EOF method isolates 2
Advances in Meteorology the dominant mode of variability and decomposes into spatial and temporal patterns. e modes that account for the largest percent of the original variability are retained after satisfying the traditional statistical significance tests [35, 36] . Different empirical techniques have been used to analyze the variability of rainfall. e EOF technique is one of the tools that have been proven to be successful at the regional scale. Ogallo [37] performed an EOF analysis to identify homogeneous regions of climate variability for eastern Africa, and the period of analysis was from 1922 to 1990. e primary concern was spatial variability of the climate. e EOF analysis allows us to explain the variance-covariance of the data through the modes of variability.
Seasonal Standardized Rainfall Anomaly (SRA).
For each of the station seasonal mean precipitation, temperature and long-term mean seasonal rainfall and temperature series were analyzed for fluctuation using the standardized rainfall anomaly (SRA) which is commonly used for regional climate change studies [38, 39] . e results of SRA are presented graphically and in the tabular form, and the following equation is employed to calculate the SRA:
where SRA is the standardized seasonal rainfall anomaly in season t, S t is the seasonal rainfall in season t, S m is the longterm mean seasonal rainfall over the period of observation, and σ is the standardized deviation of seasonal rainfall over the period of observation.
Projected Rainfall and Temperature Extreme Analysis.
To examine the future climate extremes, the rainfall and temperature datasets were used from Coupled Model Intercomparison Project Phase 5 (CMIP5), and the models are discussed in [40] [41] [42] . e three ensemble models employed for our study are CanESM2 with a resolution of ∼2.81 × 2.79 degrees from the Canadian Centre for Climate Modelling and Analysis (Canada), CSIRO-MK3.6.0 with a resolution of ∼1.875 × 1.865 degrees from the Commonwealth Scientific and Industrial Research Organisation (Australia), and GFDLESM2 with a resolution of ∼2.02 × 2 degrees from the National Oceanic and Atmospheric Administration (NOAA) and downloaded from PCMDI (http://pcmdi3.llnl. gov/esgcet). Additionally, RCP4.5 and RCP8.5 scenarios were used in order to understand the projected potential impact of extremes ( Table 2 ) and are discussed in detail in [43, 44] .
Statistical and Probability Density Function (PDF)
Analysis. A trend analysis of rainfall and temperature extremes was carried out by using the Mann-Kendall (MK) test. e nonparametric MK test was applied to determine the significance of the monotonic trend in rainfall and temperature extreme indices [45, 46] . Similarly, the nonparametric Sen's slope estimator [47, 48] was employed to quantify the slope of rainfall and temperature change over Ethiopia. Moreover, PDFs are calculated for the baseline period and future projected rainfall and temperature extremes to show the spatiotemporal variability of the projected change under RCP4.5 and RCP8.5 scenarios. e probability was calculated using kernel density estimation (KDE), and KDE is a nonparametric approach that can be used for estimating PDFs as described in [49] .
Results and Discussion
3.1. Seasonal Rainfall Variation. Rainfall over the tropical semiarid and arid areas is characterized by high interannual variability [50] . erefore, understanding the seasonal rainfall performance is important for agriculture, water, energy, and other socioeconomic activities. As indicated in Figures 2 and 3 , the seasonal rainfall over Ethiopia was Table 2 : Representative concentration pathways considered in this study.
RCP Forcing
RCP4.5
Stabilization scenario whereby the total radiative forcing is stabilized shortly after 2100. is will be achieved by adopting several technologies and strategies to cut GHG emissions [43] .
RCP8.5
It is characterized by raising radiative forcing pathways leading to 8.5 W·m − 2 by 2100, with forcing increasing further thereafter up to 12 W·m − 2 by 2250, when concentrations stabilize [44] .
erratic both spatially and temporally during 1980 to 2010. e FMAM seasonal standardized rainfall anomaly revealed significant variability over eastern, southeastern, northern, and northeastern portions of the country (Figures 2(c) and 3). is is similar to previous studies of Bekele-Biratu et al. [51] who reported that the February-May rainy season contributes up to 40% of the annual rainfall over northeastern, central, and southwestern Ethiopia and is characterized by significant interannual and intraseasonal variability. e JJAS seasonal standardized rainfall anomaly result indicated that it was variable and erratic over eastern, northwestern, and southwestern parts of Ethiopia (Figures 2(d) and 3). According to Viste et al. [52] , the seasonal rainfall distribution during February-May and June-September (the summer season) declined over Ethiopia for the past decades. e contour-based seasonal rainfall analysis of FMAM and JJAS shows that, over northeastern, central, southern, and southeastern parts of the country, the seasonal rainfall is variable (Figures 2(a) and 2(b)). e probabilistic density function (PDF) plot of the standardized rainfall anomaly shows that near-normal-to-extreme drought events occurred over Ethiopia and the frequent droughts mainly Advances in Meteorology occurred during FMAM and JJAS seasons. Because of the frequent variability and scarcity of rainfall over sub-Saharan Africa, natural hazards cause various socioeconomic losses [53] . In 2015-2016, the region faced the most intense El Niño in decades, sparking a number of droughts and flooding disasters [53] . Climate change is associated with the significant reduction in rainfall and the increase in droughts that are already apparent in some parts of Ethiopia, and droughts resulted in loss of human life, livestock, and property, as well as migration of people [54] . e EOF analysis of seasonal rainfall over Ethiopia showed a decreasing trend ( Figure 4 ). e three leading modes of EOF during FMAM indicated 49.6%, 14.2%, and 8.4%, respectively. e first mode of EOF shows that 49.6% was mostly negative with a high amount of seasonal rainfall variability and a general drying trend over eastern and northeastern parts, whereas the second and third modes show EOF2 variability with a small positive trend over few parts of Ethiopia ( Figure 4 ). e principal component analysis (PCA) of FMAM seasonal rainfall shows variability during 1980, 1981, 1983, 1984, 1991, 1993, 2010, 2012, 2013 , and 2015 ( Figure 4 ). Moreover, the three leading modes of JJAS indicated 38.4%, 21.2%, and 10.9%, respectively, and the first mode shows that 38.4% was a positive trend over most parts of Ethiopia ( Figure 4 ). e second mode of EOF revealed a positive trend over most parts and a negative trend over northwestern Ethiopia, while the third mode of JJAS EOF showed a negative trend over northern, northeastern, northwestern, and eastern parts and also a positive trend over southwestern, central, and southern parts of Ethiopia ( Figure 4 ). e PCA time-series plot shows that the JJAS seasonal rainfall is variable during 1980, 1981, 1983, 1984, 1990, 2005, 2011, 2012, 2013, 2014, and 2015 . e intraseasonal and interannual variability of rainfall over tropical and extratropical areas is teleconnected with the global atmospheric and oceanic parameters [55, 56] .
Climate Extreme Analysis
Observed Precipitation Extremes.
Climate extremes such as drought and flood affect various socioeconomic activities, and understanding the intensity and frequency of extreme climate is very important [57] . e annual rainy day extremes are characterized by strong variability with a significant trend during 1980 to 2010 (Table 3; Figure 5 ). Precipitation extremes like RX1day, RX5day, CWD, R10, R20, R99p, and PRCPTOT over Addis Ababa show a decreasing trend. RX1day, RX5day, SDII, and CDD over Combolcha show an increasing trend, while CWD, R10, R20, and annual total precipitation (PRCPTOT) show a decreasing trend (Table 3 ). e precipitation extremes of RX1day, RX5day, SDII, and R25 show an increasing trend, while annual total precipitation shows a decreasing trend over Jimma. Overall, it is seen that consecutive dry days shows an increasing trend, and this phenomenon is conducive to drought occurrence, while the consecutive wet days shows a decreasing trend over Ethiopia. In contrast, the number of heavy precipitation days at R10 and R20 also shows variability and a decreasing trend in most recent years. is is similar to that reported in previous studies of Omondi et al. [20] who reported continuous variability and reduction of the number of heavy rainy days over the Greater Horn of Africa including Ethiopia. 
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Despite the observed variability in extreme precipitation events, continuous monitoring of extreme weather and climate events in Ethiopia is necessary. Because of the variability, intensity, and frequency of precipitation extremes during the main rainy season, frequent drought and flood occurred and affected various socioeconomic activities, predominantly in agricultural and water resource sectors ( Figure 6 ). It is increasingly clear that many African countries are already experiencing erratic impacts of climate change [60] . Drought and hydrometeorological hazards are the main causes of mortality and economic losses in sub-Saharan Africa [61] . Additionally, the variability of rainfall performance over Ethiopia shows droughts and floods from the 1980s onwards, and since 1990, the country has recorded major floods that killed about 2,000 people and affected close to 2.2 million people [62, 63] . Figure 6 indicates a chronology of Ethiopian drought and flood extreme events during different time periods. e annual mean maximum and minimum temperatures had a slight increasing trend at 0.02 and 0.05, 0.03 and 0.027, and 0.015 and 0.013°C per decade over Addis Ababa, Jimma, and Combolcha, respectively, during 1980 to 2010, and the increment is high over Combolcha (Table 3 ). e increment rate is most likely similar to the global rate (0.13°C per decade) [1] . e temperature extremes of summer days (SU25), daily maximum temperature (TXx), and daily minimum temperature (TNx) indicate an increasing trend, and the warm spell duration indicator (WSDI) over Addis Ababa and Combolcha shows a significantly increasing trend (Table 3; Figure 7 ). e monthly minimum value of daily maximum temp. (TXn) and minimum value of daily minimum temp. (TNn) extremes also show an increasing trend over Jimma and a decreasing trend over Combolcha (Table 3 ). e observed temperature extremes show continuous warming during 1980 to 2010. Over the last 50 years, observed surface warming over land has been associated with relatively larger increases in daily minimum temperature (Tmin) than in maximum temperature though both show significant increases and extreme climate events which often have the most impact on nature and society [64, 65] .
Diurnal temperature range (DTR) is a measure of the difference between daily maximum and minimum temperatures at a given location. e diurnal temperature range (DTR) during 1980 to 2010 indicates a decreasing trend over Addis Ababa and an increasing trend over Combolcha and Jimma stations ( Table 3 ). Previous studies of Dai et al. [66] revealed that clouds can reduce the DTR by 25-50% in comparison with clear sky days. On a global scale, Dai et al. [66] also simulated the DTR by using 16 scenarios, and the study noted a reduction in the DTR in all model simulations.
Projected Climate Extremes of Precipitation and Temperature
3.3.1. Projected Precipitation Extremes. Precipitation and temperature are very important climatic parameters as their changes may affect life conditions. So, projecting the future precipitation and temperature extremes is important for providing the general information on the trend, intensity, frequency, and changes of climate extremes and their potential impact over different socioeconomic activities [2] . To assess the changes in precipitation patterns and extremes, a number of indicators were calculated based on the ETCCDI definitions ( Table 1 ). e spatiotemporal changes in precipitation extremes including the annual duration of consecutive wet days (CWD), total wet day precipitation (PRCPTOT), very wet days (R95p), extremely wet days (R99p), the number of heavy precipitation days (R10, R20, and R25), and simple day intensity index (SDII) show a variable and decreasing trend over Addis Ababa, Jimma, and Combolcha for the period from 2011 to 2100 (Figures 8 and  9 ; Table 4 ). Previous studies of Osima et al. [67] revealed that the projected changes in precipitation are mostly uncertain across the Greater Horn of Africa and that there is a substantial decrease over the central and northern parts of Ethiopia. Additionally, the length of dry and wet spells is projected to increase and decrease, respectively. According to the report of World Bank [63] , the mean annual rainfall will decrease by 10-25% in the central highlands, by 0-10% in the south, and by more than 25% in the northern areas of the country in the coming periods. CDD, a measure of extremely dry conditions, shows an increasing trend in the coming periods over Ethiopia. Any changes in rainfall patterns are likely to increase the frequency of severe droughts and floods which will subsequently have a negative impact on human and livestock health, food security, and land degradation [68] . Moreover, the projected maximum 1-day precipitation (RX1day) and maximum 5-day precipitation (RX5day) result shows a slight increasing trend over Addis Ababa and Jimma under the RCP4.5 scenario (Table 4 ). e latest finding is similar to that reported in previous studies of Andualem et al. [69] who reported that maximum one-day and five-day precipitation totals over a year are projected to increase over a majority of the Greater Horn of Africa including our study area. e magnitude and frequency of extreme rainfall events are very likely to increase as a result of climate change, and variation in total rainfall can be caused by a change in the frequency of rainy days or the intensity of rainfall per rainy day or a combination of both with implications for increased frequency and severity of flood disasters [1, 70] . e projected changes in the annual number of heavy precipitation days (R10) over Addis Ababa, Jimma, and Combolcha show a decreasing trend under RCP4.5 and RCP8.5 scenarios compared to that observed (Figure 8 ). e projected precipitation extremes show that as the rainfall performance is weak, this phenomenon is most likely to increase the intensity and frequency of drought and flood over Ethiopia.
e rapid population growth and inappropriate traditional farming and management practices put intense pressure on the country's soil, water, and biodiversity resources [71] . Agriculture and water resource sectors are most likely to be heavily affected by the variability and reduced precipitation extremes and increased intensity, longer dry spells, and greater evaporation under more extreme temperatures. Water stress is already a challenge in various economic sectors [72] . To effectively address climate extreme issues, cooperation and integration, producing and using reliable weather and climate information, climate change adaptation, and ecosystem management must be sought to ensure effectiveness and efficiency in climate extreme and disaster risk governance in the coming periods over Ethiopia. Advances in Meteorology e projected PRCPTOT extreme shows that the performance of precipitation is weak and variable during the period of 2011 to 2100, and the variability is high under RCP8.5 than the RCP4.5 scenario. As pointed out by Kassie et al. [73] who reported that rainfall exhibited high interannual variability (coefficient of variation 15-40%) during the period of 1977 to 2007 and projections for future climate suggested that annual rainfall will change by − 40 to +10% over Ethiopia. Similarly, Jury [74] indicated weak upward trends in the rainfall observed for most models over Ethiopia. e variability of precipitation extremes decreases consecutive wet days and the number of rainy days and increases consecutive dry days over Ethiopia. According to Kidanu et al. [75] , the future precipitation in Ethiopia is expected to decline from a mean annual value of 2.04 mm/ day (1961-1990) to 1.97 mm/day (2070-2099) with a total decline in rainfall by 25.5 mm/year. As pointed out by IPCC [1] , climate variability and change are among the major environmental challenges of the 21st century. By contrast, under both RCP4.5 and RCP8.5 scenarios, we observed that a significant decreasing trend in PRCPTOT increases the frequency and intensity of drought occurrence over Ethiopia ( Figure 10 ). As indicated by World Bank [63] , the climate change is predicted to reduce the gross domestic product (GDP) growth of Ethiopia between 0.5 and 2.5% each year. Because of this, the need for urgent and effective steps to build resilience is unquestionable.
Projected Temperature Extremes.
e projected climate extremes are examined by using ensemble CMIP5 models under RCP4.5 and RCP8.5 scenarios. e results of temperature extremes like tropical nights (TR20), monthly maximum value of daily maximum temperature (TXx), monthly maximum value of daily minimum temperature (TNx), and warm spell duration indicator (WSDI) show a significant increasing trend. e projected diurnal temperature range (DTR) shows a decreasing trend over Addis Ababa, Jimma, and Combolcha under RCP4.5 and an increasing trend under RCP8.5 ( Table 5 ; Figures 11 and 12) .
is study found a pronounced warming in most of the temperature extreme indices over Ethiopia which may have potential impacts on local and regional water resources. Sillmann et al. [76] indicated that the observed changes in 
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TNx and TXx over the entire globe were significant across land areas, and Omondi et al. [20] also observed a few extreme climate indices over GHA by using the PRECIS regional climate model (RCM) for the period 2010-2040 and indicated an increasing trend in warm days and warm nights over the region. Most of the projected temperature extremes show an increasing trend in the coming decades, and these extremes may affect various socioeconomic activities. As pointed out by Sarofim et al. [77] , extreme temperature events compromise the body's normal functioning with regard to internal temperature regulation, leading to health complications. In contrast, the projected spatial analysis of percentile-based extremes shows that the frequency of cold nights (TN10) evidently decreased, while the frequency of warm nights (TN90p) is dominated by a pronounced positive trend over Ethiopia (Figure 13 ). e projected extreme maximum and minimum temperatures under RCP4.5 and RCP8.5 scenarios show a consistent temperature increase throughout the projection period.
e projected spatial minimum temperature increases by approximately 0.72 to 1.2°C and 1.6 to 2.8°C under RCP4.5 and RCP8.5 scenarios, respectively ( Figure 12 ). e IPCC [78] report shows that greenhouse gas emissions are the leading cause of climate change and that the mean global temperature will increase by 1.4-5.8°C by the end of the 21st century. e extreme maximum temperature change is also significant compared to the historical observed extreme events. e increment of maximum and minimum temperatures is very high over northern parts of Ethiopia (Figure 12 ). In contrast, the diurnal temperature range shows a decreasing trend over northeastern and southern portions of Ethiopia and 
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increases over western half of the country. Figure 12 indicates that the spatial variance of temperature increases remarkably from RCP4.5 to RCP8.5 climate scenario. Previous studies of Engelbrecht et al. [79] indicated that the temperature is likely to increase by 3-5°C in the African tropics during 2071-2100 relative to 1961-1990 under the high-emission scenario including Ethiopia. Similarly, Dike et al. [80] observed a projected temperature increase within the African tropics varying from 3 to 7°C for the period 2073-2098. All of the projected temperature extremes including warm spell duration indicated an increasing trend and led towards the increase of heat waves and related disasters over Ethiopia.
Summary and Conclusions
is study examined changes of extreme temperature and precipitation by using meteorological and CMIP5 datasets of daily temperature and precipitation. e datasets were analyzed to assess the seasonal rainfall variability and changes of observed and projected climate extremes over Ethiopia under RCP4.5 and RCP8.5 scenarios. e results of the standardized seasonal rainfall anomaly and EOF analysis trend show a decreasing rainfall in the JJAS season and significant variability in the FMAM season. e first mode of EOF shows that 49.6% was mostly negative with a high amount of spatial variability during FMAM and shows a general drying trend over eastern central, northern, and northeastern Ethiopia. Trends of observed precipitation extremes of annual total precipitation (PRCPTOT), consecutive wet days (CWD), and the number of heavy precipitation days (R10 and R20) show a weak and decreasing trend, while consecutive dry days (CDD) shows an increasing trend. Similar studies of Omondi et al. [20] indicated continuous variability and reduction of the number of heavy rainy days over the Greater Horn of Africa including Ethiopia. Moreover, the observed temperature extreme shows statistically significant and spatially coherent trends in temperature extremes corresponding to a warming trend in Ethiopia. It was found that the frequency of warm spell duration indicator days has increased, while the frequency of cold days has decreased. e projected precipitation extremes of the annual duration of consecutive wet days (CWD), total wet day precipitation (PRCPTOT), very wet day annual total (R95p), extremely wet day annual total (R99p), and the number of heavy precipitation days (R10) show a decreasing trend, whereas maximum 1-day precipitation (RX1day) and maximum 5-day precipitation (RX5day) show a slightly increasing trend and consecutive dry days (CDD) shows an increasing trend over Ethiopia. e increase (decrease) of precipitation extremes in terms of both excess and deficient extreme precipitation can cause major societal impacts including flash flooding, crop destruction, loss of life, drought, and infrastructure damage. e temperature extremes show significant warming under RCP4.5 and RCP8.5 and larger warming under the RCP8.5 scenario, while the diurnal temperature range shows a variable and declining trend over Ethiopia. e projected spatial analysis of percentile-based extremes shows that the frequency of cold nights (TN10) is decreased, while the frequency of warm nights (TN90p) is dominated by a positive trend over Ethiopia for the coming periods ( Figure 13 ). e decrease and increase in cold and warm events indicated that the impact of climate change is real over Ethiopia for the coming periods.
Generally, the projected changes in both temperature and precipitation extremes under warming climates are likely to have significant negative impacts on the natural environment and various socioeconomic activities over Ethiopia. Additionally, the projected temperature shows that the number of hot days increases remarkably and is likely to have a severe and intensified impact on health and water resources. erefore, producing reliable climate information, detecting and attributing climatic extremes, improving understanding of the dynamics of the climate system, and designing suitable adaptation and mitigation strategies are very important to minimize the impact of extreme climate. Moreover, this study recommends that future studies should emphasize the climatic and anthropogenic drivers responsible for changes in the trends of precipitation and temperature extremes over Ethiopia.
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